Abstract. Pressure dependence of anharmonic effective pair potentials V(u)=au 2 /2+bu 3 /3! for the I-Ag bond in rock salt type AgI has been investigated by EXAFS Debye-Waller factors. EXAFS measurements near the I K-edge were performed under pressure up to 6.0 GPa using a multi-anvil high-pressure device and synchrotron radiation from SPring-8, Hyogo. The potential parameter a for rock-salt type is 1.66(5) eV/A 2 at 1.0 GPa and increases to 1.88(6) eV/A 2 at 6.0 GPa. The phonon energies in rock salt type AgI under pressure have been estimated using the potential parameter a by calculating the dynamical matrix. The anharmonic effective pair potential for each phase is influenced by pressure and becomes steeper with increasing pressure while the extent of anharmonicity decreases with pressure.
INTRODUCTION
The usefulness of EXAFS as a probe of the vibration dynamics of local structure has been discussed by many authors [1, 2] . The EXAFS Debye-Waller factor is sensitive to short-range correlations of atomic motion and the analysis of these factors provides an effective pair potential with temperature-independent shape [3] [4] [5] . We previously investigated the anharmonic effective pair potentials in KBr, AgBr and CuBr under high pressure using the EXAFS technique. These studies revealed that the effective pair potential is influenced by pressure and coordination environment [5] [6] [7] .
The crystal structure and dynamical behavior of atoms in AgI as a super ionic conductor have been studied extensively using several techniques. We have determined the precise P-T phase diagram of AgI by in-situ high-pressure high-temperature synchrotron experiments [8] . The wurtzite type structure of AgI (phase II) undergoes a first-order phase transition at 0.2 GPa to Phase IV at room temperature. The phase IV transforms to rock salt type AgI (phase III) at 0.3 GPa. The rock salt type structure is then stable over a wide range of pressure. In this study, we measured EXAFS spectra near the I K-edge in AgI at pressures up to 6.0 GPa. The pressure dependence on the anharmonic effective pair potential has been demonstrated in rock salt type AgI, as described here.
EXPERIMENTAL AND ANALYSIS
EXAFS spectra near the I K-edge and X-ray diffraction measurements were performed in transmission mode under high pressure up to 6.0 GPa using a large volume multi-anvil high-pressure device and synchrotron radiation from SPring-8, Hyogo. Sintered diamond anvils truncated to 3x3 mm 2 square size were used and the pressure medium (6x6x6 mm 3 ) was made of amorphous boron/epoxy resin. The powder mixture of the sample and BN occupied half the volume of the sample chamber. The remainder was filled with the pressure calibrant [7, 8] . Pressure could be determined to an accuracy of ~0.2 GPa [9] . The synchrotron radiation was monochromatized by a Si(311) double-crystal monochromator. The size of the X-ray beam was reduced to 0.3 x 0.3 mm 2 . The EXAFS interference function, χ(k), was extracted from the measured absorption spectra using standard procedures, where k denotes the wave number of photoelectrons:
The χ(k) was normalized using MacMaster coefficients according to the EXAFS workshop report [10] . Figure  1 shows examples of Fourier transforms of k 3 *χ(k) in the range 3.0 Å -1 < k < 13.0 Å -1 at 1.5 GPa. We used the EXAFS formula in the single scattering theory with the cumulant expansion up to the fourth order term [10] . On the parameter fitting, according to the EXAFS workshop report [11] , the equal deformation of observed and calculated EXAFS functions improves the accuracy of the parameter fitting. The number of neighboring atoms was fixed at the crystallographic value as four and six for wurtzite type and rock salt type, respectively. Because no evident pressure dependence for the experimental threshold energies and mean free path at this experimental resolving power were revealed, we assumed that the threshold energies and mean free path have negligible pressure dependence in this pressure range. The reliability-of-fit parameter, R, between the experimental and calculated EXAFS functions was better than 0.025. The quality of the fit for I K-edge EXAFS under the pressure of 1.5 GPa is shown in Fig. 2 . Details of the measurement and analysis are given in references [5] [6] [7] . 
RESULTS AND DISCUSSION
The I-Ag distances are plotted as a function of pressure in Fig. 3 . The pressure dependence of the IAg distances is consistent with the results derived from diffraction experiments. Figure 4 shows the pressure dependence of cumulant σ2 and σ3 obtained by the least-squares fitting for the I-Ag bonds. The third-order term σ3 is significant at room temperature. The fourth-order term was negligible. The cumulants σ2 and σ3 decrease with pressure. The σ2 in the tetrahedrally coordinated wurtzite type structure is smaller than those in the octahedrally coordinated rock salt type structure. We have evaluated the anharmonic effective pair potential V(u)=au 2 /2+bu 3 /3! from the values of σ2 and σ3 [5] [6] [7] , where a and b are the potential coefficients and u is the deviation of the bond distance from the location of the potential minimum. Potential parameters are given in Table 1 .
Small values of the potential coefficient a represent weak bonding and broad potentials. The coefficient a for the I-Ag bond in rock salt type AgI is significantly smaller than that (2.37 eV/Å 2 ) for the I-Ag bond in wurtzite-type AgI [4] and that (2.38 eV/Å 2 ) for the BrCu bond in zincblend-type CuBr [6] . The octahedrally coordinated ion in the rock salt type structure (Fig. 5) has a broader effective pair potential and a larger mean square relative displacement of thermal vibration than the tetrahedrally coordinated ion in AgI. Because the I ion in the rock salt type AgI with center of symmetry is interposed by Ag ions along the bonding and antibonding directions, the effective pair potential for I-Ag bond in rock salt type AgI is more symmetric than those in tetrahedrally coordinated wurtzite type AgI. , which is smaller than that (1.91(4) eV/Å 2 ) for the Br-Ag bond in rock salt type AgBr at 6.1GPa [5] . Figure 5 shows the anharmonic effective pair potentials for I-Ag and Br-Ag bond in rock salt type AgI and AgBr. The potential parameter a in AgI at 2.0 GPa increases by about 13% at the pressure of 6.0 GPa (about 3% per GPa). The parameter a in AgBr with the same structure type increases by nearly the same ratio. The rock salt type AgI and AgBr thus have similar pressure dependence. Pressure increments of potential parameter a and b should be attributable to the difference of coordination number, configuration, bonding distance and absolute value of a and b [5, 6] . EXAFS provides the information about thermal vibration of local structure. The derived values refer to short-range correlation of the atomic motion. The phonon energies can be estimated using the potential parameter a by calculating the dynamical matrix (Fig.  6) . Details of the calculation are given in Ref. 12 . The phonon energies at the Γ point are 3.96 and 3.72 THz at 6.0 and 2.0 GPa, respectively. The obtained results for AgI derived from the EXAFS are comparable to those for AgBr at ambient pressure as determined from neutron inelastic scattering [13] . We can use the EXAFS Debye-Waller analysis to assignments of vibration mode in complicated systems. 
